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A rising number of contaminants in aquatic environments has led to 
significant concern about environmental degradation, specifically its 
detrimental impacts on ecosystems and human wellness. The impact of trace 
metal pollution on aquatic ecosystems is an international issue. High levels 
of metals may lead to malignant and hazardous consequences in aquatic 
environments. This study focused on trace metal induced genotoxic damage 
in the Nursehound shark (Scyliorhinus stellaris) from Iskenderun Bay, the 
Northeastern Mediterranean Sea. Samples were collected following 
established protocols according to recognized methods, and the detection of 
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Introduction 


the trace elements was performed using the technique known as ICP-MS. The 
research applied the damage frequency (%), arbitrary unit (%), and genetic 
damage index (%) in S. stellaris to evaluate the extent of DNA damage 
resulting from pollutants. The amounts of Cd, Cr, Fe, Ni, Pb and Zn in the 
water columns at sample location were below Environmental Protection 
Agency, 2016 and Turkish Environmental Guideline, 2016. Trace metal 
concentrations in the liver tissue of S. stellaris were ranged as follows: Fe > 
Zn> Pb>Cr> Ni>Cd for sampling site. According to our findings, the 
frequency of damage in the nursehound shark's gill and liver cells were 
62.332+4.041% and 56.332+1.528%, accordingly. The gill tissue had a 
higher frequency of damage than the liver tissue. As a result, peresent study 
revealed, for the first time, the genotoxic damage of metal contamination in 
Nursehound shark S. stellaris in the Northeastern Mediterranean Sea. 


Keywords: Shark, DNA Damage, comet assay, genotoxicity, 
Scyliorhinus stellaris 


The compounds may infiltrate the aquatic environment via processes such as air depositing, 
earthquakes, urbanization removal, fire, and industrial exhaust. Pollutants often exhibit 
bioaccumulation and biomagnification, resulting in apex predators being exposed to much higher 
amounts of pollutants relative to the surrounding environment. The presence of contaminants in 
teleost fish, molluscs, and marine mammals has been extensively researched. These pollutants have 
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been shown to have detrimental impacts on health, such as inhibiting reproduction, suppressing the 
immune system, disrupting the hormonal cycle, causing harm to the DNA, and inducing oxidative 
stresses (Kutlu et al., 2024; Ergenler, 2024). Elasmobranchs have received less focus on contaminants 
relative to other vertebrate groups, despite their high trophic position and ongoing population 
reduction (Tiktak et al., 2020). This is a cause for worry. Due to its hydro-geological characteristics 
and the significant human impact it faces, the Mediterranean is at high danger from ecological 
problems. Currently, the seas of the Mediterranean face several ecological threats, such as 
overexploitation, habitat degradation, pollution, and climate change (Carrasco et al., 2024). 


Sharks, as the greatest predators in the marine food chain, have the ability to collect significant 
amounts of metals in their organs by consuming both nourishment and water (Turan et al.,2024). This 
may have detrimental effects on their metabolism and also cause health risks if their flesh is ingested 
by humans (Squadrone et al., 2022). Sharks are particularly vulnerable to bioaccumulation due to 
their role as a vital species, often holding top positions in food chains as extreme predators (Barria et 
al., 2015; Carassco et al., 2024). According to Dulvy et al. (2021), approximately 32.6% of shark and 
ray species are at risk of becoming extinct. Given that sharks are currently one of the most endangered 
groups of animals (IUCN, 2024), it is important to consider the environmental dangers that result 
from chemical contamination. This contamination can lead to reduced people wellness, a greater 
likelihood of community extinction, and a decline in species diversity (Araujo et al., 2024). 
Scyliorhinus stellaris is classified as Vulnerable internationally by the IUCN due to its huge size, 
patchy distribution, and likely population decreases. However, in European and Mediterranean seas, 
it is designated as Near Threatened (Catanese et al., 2022). There is increasing worry about the 
harmful impact of pollution on sharks. Since sharks are at the top of the food chain, they can 
accumulate pollutants in their bodies, and some of these pollutants can become more concentrated as 
they move up the food chain. This poses a particular risk for sharks, especially when it comes to metal 
contamination (Turan et al., 2021). There is a lack of evidence on shark fisheries that are being taken 
seriously for the environment, save in a few countries. As a result, sharks are becoming scarcer in the 
coastal seas of several emerging nations. Sharks have a significant ecological role in the 
Mediterranean Sea. The nursehound, scientifically known as Scyliorhinus stellaris (Linnaeus, 1758), 
is a kind of catshark that lives on the ocean floor. It may be found in the Northeast and Eastern central 
Atlantic regions, as well as in the Mediterranean Sea. S. stellaris often inhabits nursery sites at depths 
of 30 to 40 meters inside the fields of the violescent sea-whip (Paramuricea clavata) in the 
circalittoral region of the Mediterranean Sea. The species may be found in a range of habitats, from 
the intertidal zone to the continental slope. However, it tends to occur at depths of 200-500 meters 
(Leonetti et al., 2020; Martinengo et al., 2024). 


Elasmobranchs possess biological and ecological characteristics that resemble those of large- 
bodied mammals, such as late maturation, delayed reproduction, and a limited number of offspring. 
Due to their high trophic status and the presence of these features, elasmobranchs are more susceptible 
to the harmful effects of contaminants (Dulvy et al., 2014; Titak et al., 2020; Fillice et al., 2024). 
Recent studies have emphasized the use of sharks as monitoring species because they are highly 
vulnerable to accumulating various pollutants, including metals (Turan et al., 2021; Squadrone et al., 
2022; Alves et al., 2023; Fillice et al., 2023; Araujo et al., 2024; Higueruelo et al., 2024). 
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The aim of this study was to examine novel data on harm to DNA caused by metal pollution 
in the Northeastern Mediterranean nursehound, Scyliorhinus stellaris. 


Material and Methods 
Sample collection and preparation 


Specimens of Nursehound Shark, Scyliorhinus stellaris were collected from Iskenderun Bay 
(36.647222 N, 36.113333 E) in the northeastern Mediterranean Sea, during the period of November- 
December 2020 by gill net (Figure 1). 


Turkiye 


Figure 1. Map of sampling site (*) in the Iskenderun Bay (Turkey) of the Northeastern Mediterranean 
Sea. 


A total of 10 specimens of S. stellaris were collected, with an average length of 36.72+5.09 
cm and an average mass of 206.91+74.55 g (mean+standard deviation). These specimens were 
promptly transferred to the laboratory on ice in an insulated box. The species identity was determined 
using morphological and meristic characteristics. The length and mass of the Nursehound shark were 
measured with precision to the nearest centimetre and 0.01 gram, accordingly. An investigation was 
carried out to examine the concentration of heavy metals in seawater samples obtained from a 
nursehound shark. The specimens were gathered using sterile glass containers and treated with 
ultrapure 6 M hydrogen nitrate. The samples were then examined using an Analytik Jena / 
Plasmaaquant ICP-MS Elite instrument at Iskenderun Technical University, Science and Technology 
Research and Application. The heavy metal concentrations were calculated using mathematical 
processes, expressed as micrograms per liter (ug L') of wet weight. The used absorption lines 
consisted of lead at a wavelength of 217.0 nm, cadmium at 357.9 nm, nickel at 232.0 nm, iron at 
248.3 nm, cadmium at 228.8 nm, and zinc at 213.9 nm. The examination also included the calibration 
and standard solutions for blanks. Analyzing trace metals in muscle cells was conducted using acid 
elimination, a technique adapted from the AOAC Official Method 999.10 (2002). An ICP-MS Elite 
at Iskenderun Technical University, Science and Technology Research and Application was used to 
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measure the levels of metals in shark tissue. The algorithms were used to calculate the heavy metal 
concentration, which was then quantified as micrograms per gram of wet weight (w.w.). 


Comet Assay 


The laboratories at Iskenderun Technological University's Faculty of Marine Science and Technology 
used Comet Assay experiments to detect DNA damage in shark tissues. Blood cells were isolated 
from tissues using cellular dissociation, and samples were generated using a cell suspension and 0.7% 
LMPA. DNA damage indices were determined by the use of scoring techniques and fluorescence 
microscopy. The comet tail intensity was examined using a sample size of one thousand cells. 


Statistical analysis 


The research used Pearson Correlation analysis to establish a potential association between factors 
and DNA damage, calculating the mean and standard deviation for all data points. The statistical 
analysis was performed using R-Studio and IBM SPSS Statistics 21 (Zheng et al., 2016). 


Results 


The values for the concentrations of Cr, Cd, Fe, Ni, Pb and Zn in the sea water columns at the sample 
location were listed in Table 1. In the sea water columns of the sample location, Fe, Zn land Cr were 
at greater concentrations, while Cd was at the lowest dose. The relative abundance of heavy metals 
at the sample location were in the following order: Fe>Zn>Cr>Ni>Pb>Zn (Table 1). 


Table 1. The mean values of trace metal concentrations (ug L”') in the Iskenderun Bay with a 
comparison of the Turkish Environmental Guideline (TEG) and Environmental Protection Agency 
(EPA, USEPA). 


TEG (2016) EPA (2007, 2016) 

Metals Iskenderun Bay CMC CMC CCC 

Cr 5.645+40.483 88 1.1 50.0 

Cd 0.025+0.011 <0.45(Class) 33 7.9 

Fe 53.699+4.312 101 - - 

Ni 1.84840.207 34 74 8.2 

Pb 0.301+40.197 14 - 5.6 

Zn 34.71742.793 76 90 81 


Data are shown as mean + standard deviation, TEG: Turkish Environmental Guideline; EPA: Environmental Protection Agency; CMC: Criterion Maximum Concentrations; CCC: 


Criterion Continuous Concentrations. 


The concentrations of Cd, Cr, Fe, Ni, Pb, and Zn in the water columns at the sample site were 
found to be lower than the limits set by the Environmental Protection Agency (EPA) in 1999 and 
2016, as well as the Turkish Environmental Guideline (TEG) in 2016. 


The average amounts of Cd, Cr, Fe, Ni, Pb, and Zn in the liver tissue of S. stellaris collected 
from Iskenderun Bay are shown in Table 2. 
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Table 2. Average concentrations (concentration unit as ug g"' ww.) of trace metals in liver tissue of 
S. stellaris from Iskenderun Bay. 


Metals Iskenderun Bay EUs). BES 82) his ai 
Cd 0.153+0.006 0.05 1.4 1.0 0.05 
Cr 0.654+0.060 - 4.1 - - 
Fe 20.940+1.722 - 410 100 50 
Ni 0.291+0.040 - 4.6 - - 
Pb 2.963+0.084 0.2 1.0 2.0 0.3 
Zn 16.609+1.303 50 410 100 50 


The data are shown as arithmetic mean + standard deviation. 


Trace metal concentrations in the liver tissue of S. stellaris at the sample location were in the 
following order: Fe>Zn> Pb>Cr>Ni>Cd (Table 2). 


The levels of Cr, Fe, Ni, and Zn in the liver tissue of S. stellaris taken from Iskenderun Bay 
did not exceed the maximum limits set by the EU 2005, EPA 1989, WHO 1989, and TFC 2011 (Table 
2). Therefore, a human health risk assessment was not done to determine the potential danger 
associated with these metals. However, the concentrations of Cd and Pb at the sample site above the 
maximum limits set by the TFC (2011) and EU (2005), and were significant enough to have 
detrimental impacts on coastal ecosystems (Table 2). 


The results of the comet test conducted on S. stellaris, which measured DNA damage, were 
provided in Table 3, Figure 2. The table includes the percentage of damage (DF), arbitrary unit values 
(AU), and the genetic damage index (GDI/%). The incidence of DNA damage in the gill and liver 
cells of the nursehound shark was 62.332+4.041% and 56.332+1.528%, respectively. The gill tissue 
had a higher frequency of damage than the liver tissue (Table 3). 


Table 3. Means and standard deviations of DNA damage in the gill and liver cells of S. stellaris 
obtained from the Iskenderun Bay (n=10). 


Fish/Tissues Damage Frequency Arbitrary Unit Genetic Damage Index 
(%) (AU) (%) 

S. stellaris/Gill 62.332+4.041 146.667413.317 1.46+0.133 

S. stellaris /Liver 56.332+1.528 127.012+3.005 1.27+40.03 


The data are shown as arithmetic mean + standard deviation. 
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Figure 2. DNA damage in the tissues of S. stellaris (undamaged cells, left picture; damaged cells, 
right picture). 


Correlation between metals and genetic damage 


A substantial positive connection (P<0.01) was found between the presence of Pb in water columnar 
and DNA damage metrics. Conversely, a strong negative correlation (P<0.01) was seen between the 
levels of Fe and Cr in water columns at the sample location and DNA damage parameters in both gill 
and liver cells. (Figure 3 and Figure 4). In addition, a strong negative connection (P<0.01) was 
observed between the accumulation of Fe and Ni in liver tissue and the parameters of DNA damage 
in gill and liver cells (Figure 4). 
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Figure 3. Heat map of Pearson correlations between parameters with significance levels. The colored 
correlation levels on the scale color bar indicate a correlation between -1 and +1. The specified 
significance levels are given in the circled cells: *, P<0.05; **, P<0.01; P<0.001. 
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Figure 4. Heatmap of hierarchical cluster analysis of trace metal and DNA Damage parameters in S. 
stellaris using complete linkage. Significance of relationship range from white to red. 


Discussion 


The present study highlighted the correlations between trace elements accumulation and markers of 
DNA damage parameters in the gill and liver cells of the nursehound shark S. stellaris collected from 
the North-Eastern Mediterranean. Although, the studied metal amounts in the sea water columns at 
research area were below EPA (Environmental Protection Agency, 1999; 2016) and TEG standards 
(Turkish Environmental Guideline, 2016), Cd and Pb accumulation in liver tissue of S. stellaris 
exceeded the maximum limits allowed by the TFC (2011), EU (2005) enough to have negative effects 
on coastal ecosystems. Also, the frequency of DNA damage in the nursehound shark's gill and liver 
cells were 62.332+4.041% and 56.332+1.528%, accordingly. The gill tissue exhibited a greater 
incidence of injury compared to the liver tissue. Extended exposure to contaminants may lead to the 
buildup of DNA strand breaks in aquatic creatures like fish due to their inability to repair DNA, which 
is lower relative to other species (D’Costa et al., 2017). D’Costa et al. (2017) found that the presence 
of contaminants in the environment leads to increased levels of DNA damage. This was determined 
via the use of multiple regression analysis. Furthermore, a strong positive association was found 
between the concentration of Pb in the water columns and the DNA damage parameters. Conversely, 
a negative correlation was seen between the concentrations of Fe and Cr in the water columns at the 
sample location and the DNA damage parameters in both gill and liver cells. 


Multiple investigations assessed the metal concentrations in Scyliorhinus stellaris specimens 
sourced from the Atlantic Ocean (Vas, 1991), in addition to Scyliorhinus canicula (lesser-spotted 
dogfish) specimens collected from the Mediterranean Sea and Atlantic Ocean (Mille et al., 2018; 
Marques et al., 2021; Squadrone et al., 2022). The gill tissue showed a higher occurrence of injury in 
comparison to the liver tissue. Based on the information provided in the piece of literature, gills are 
more vulnerable to pollutants than other organ tissues since they have a high blood flow for respiration 
and are constantly exposed to saltwater. The gill, with its specialized structure for detecting harmful 
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substances, plays a crucial role in other studies that have also reached findings. Furthermore, the 
identification of more extensive harm in the gill as opposed to the liver implies a connection between 
oxidative stress and DNA damage in aquatic species (Ergenler and Turan, 2023). The results of our 
study were mostly consistent with the information found in the existing literature. Moreover, the 
presence of greater damage in the gill compared to the liver suggests that oxidative stress is associated 
with DNA damage in the gill and liver cells of elasmobranchs (Alves et al., 2023; Fillice et al., 2023). 
Alves et al. (2023) discovered that Prionace glauca sharks captured in approach to the continental 
coast of Portugal had elevated levels of inorganic pollutants in their livers in comparison to animals 
collected in more distant oceanic areas. Their suggestion posits that gills have the potential to serve 
as a source tissue for future monitoring investigations including alternative biomarkers. In their study, 
Fillice et al. (2023) conducted an eco-toxicological investigation of Pb, As, Cd, Mn, Zn, Ni, Cu, and 
Fe in Scyliorhinus canicula. They found that there was no significant difference between the sexes. 
Additionally, they discovered strong associations between the number of white blood cells and the 
presence of manganese (Mn) and zinc (Zn), as well as between lactate dehydrogenase (LDH) activity 
and these trace elements. This indicates that the build-up of these elements in dogfish may impact 
oxidative and antioxidant processes, potentially leading to major effects on their physiology and 
overall well-being. In their study, Squadrone et al. (2022) investigated the bioaccumulation of metals 
in the blood, liver, kidneys, and muscles of Scyliorhinus stellaris, a shark species. Researchers 
discovered that nonessential components are often less abundant, whereas essential components are 
more abundant in wild Elasmobranchs. This suggests a strong correlation between a well-balanced 
diet and the wellbeing of these animals. Araujo et al. (2024) examined the correlation between genetic 
harm in red blood cells and the levels of metals in the blood of three shark species: Galeocerdo cuvier, 
Negaprion brevirostris and Ginglymostoma cirratum. It was discovered that G. cuvier exhibited the 
greatest frequency of genomic damage in erythrocytes, as well as the highest average content of Al, 
Cd, Cr, Fe, Mn, Ni, Pb, and Zn in the blood. Rojubie et al. (2024) discovered that sharks had a 
tendency to collect high levels of heavy metals, with the liver typically containing higher median 
concentrations. In their study, Higueruelo et al. (2024) found that the small-tailed catfish 
(Scyliorhinus canicula) has the greatest degree of biodegradability among the marine species found 
on the Catalan coast in the northern Mediterranean. Additionally, the presence of significant 
concentrations of heavy metals in S. canicula causes concerns about its safety for consumption. This 
research studied the deleterious effects of heavy metals on DNA, specifically focusing on their ability 
to accumulate in biological systems. The observed features of the damage were found to be consistent 
with those described in the referenced paper. Turan et al. (2021) discovered elevated levels of heavy 
metals in Squatina aculeata, a marine species inhabiting the northern Mediterranean. The species had 
elevated levels of iron, zinc, arsenic, and mercury, beyond the permissible thresholds set by the law. 
The research indicates that consuming S. aculeata, a food with a significant probability of causing 
harm, might potentially endanger the sustainability of its marine habitat. The variations in the 
measured levels of heavy metals may be mostly ascribed to the intrinsic differences among those 
species, such as their food, habitat, behaviour, distribution, growth rates, age, trophic level, and life 
strategies (Turan et al., 2021; Carrasco-puig et al., 2024). 


In conclusion, the results of the study further confirm the species' sensitivity to heavy metals 
and its vulnerability to genetic damage, as well as its efficiency in serving as a protective species in 
environmental monitoring studies. In addition, current research also necessitates the use of genomic 
damage criteria in several shark species as a component of environmental monitoring initiatives. 
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Further investigation is required to overcome the scarcity of scientific material about the effects of 
shark exposure to contaminants on animal DNA. 
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